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and Definitions

Acrefoot: Enough water to cover an acre of land to a depth é doot, or 325,851
gallons.

AF: Acrefoot
AFYAcrefeet per year of water use

AMI: Advanced Metering Infrastructure, a rapid evolving technology that provides the
potential for near real time ecess to water automatic meter reading data for water utilities
and their customers

Cll: Commercial, institutional, and industrial water accounts

CCFOne hundred cubic feet of water, or 748 gallon and a commonly used unit for billed
water use.

Demand Hdsticity: In this report, the term demand elasticity is used to represent the
amount water users, individually and collectively, adjust water use in response to drought
conditions. For this definition, drought is the primary influence of interest for dedinan
elasticity. But this includes simultaneous influences such as price increases during a
drought which may affect water use, usually termed price elasticity of demand. Additional
simultaneous influences on demand during drought may be increased conservatio
program effort and water use restrictions by the local water utility due to supply shortage
concerns. All of these influences may combine during a serious drought and affect water
use patterns. In this assessment, demand elasticity during drought ircthéesffects of
these many influences on demand.

Demand HardeningAn assumed losa the willingness antbr ability of water users to
reduce water us duringa droughtthat may result from the ongoing implementation of
longterm water conservation progras.
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Drought: A standardized, widely accepted definition of drought does not exist. However,
for the purposes of this report, drought should be consideredperiod ofsignificantly
below normalprecipitation for an areavhichis widely recognized by lolceesidents but
depending on severity andlurationmay or may not result in shortterm water shortage

for alocal water utility and its customerSee section IV of this repddr more on this
definition.

ETo:Reference eapotransporation, the amourdf water in a given climate zone required
by turf grass growing in full sun and wind conditions

GPCDGallons peicapita per day
HCFHundred cubic feet of water, or 748 gallons
Kgal:1,000 gallons of water

Marginal CostThe cost of producing one more toif a good, or in this report the cost of
producing or saving an acfeot of water.

MFR:Multi-family residential

MG: Million gallons

MGD:Million gallons per day
NA:Not available or not applicable

Natural Replacement Ratefhe rate that water use fixtes and appliances are replaced by
customer due to malfunction, or as a part of remodeling project or upgrades.

Nominal DollarsDollars unadjusted for inflation

Price ElasticityThe change in water use resulting from a change in price. A significaat pric
increase results in a decrease in use.

Real DollarsDollars adjusted for inflation to account for the time value of money

SFRSinglefamily residential accounts
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Executive Summary A
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Project Goals

Theprimaryproject goalwasto identify the extentshortterm water usepatternsduring a
drought is influenced by demand management programs undertaken by urban water
utilities prior to such eventsrhis includd assessing if the lorggrm demand management
programs resulted in decreased, increased, or no significant impettieoability and
willingness of urban water users to achieve additional demand reduction during
subsequent drought event3his report is intended to provide a useful reference tool for
urban water resource managers planning for and grappling with drought

There is a long history in the Western states for marbanutilities to experience
substantiallyreduced water use during serious drought years. In this report, the term
demand elasticity is used to represent the amount water users, individually and
collectively, adjust water use in response to drought conditions. For this definition, drought
is the primary influence of interest for demand elasticity. But this inchsilultaneous
influences such as price increases during a drougffith may affect wier use usually
termed price elasticity of demand. Additional simultaneous influences on demand during
drought may be increased conservation program effort and water use restrictions by the
local water utility due to supply shortage concerns. All of theflaences may combine
during a serious drought and affect water use patteinghis assessmentiemand
elasticityduring droughtincludesthe effects of thesenanyinfluences on demand.

The willingness and ability of water users to reduce water usedrought has critical
importance on the need and timing of new water supply facilitidss assessmemias
designed to provide guidance for water planners in determining acceptable levels of
shortages during future drought events, and how to optimizeexahortage contingncy
plans for fairness anohinimizing economic impacts. Thlissessmenalsoprovides

guidance for water utilities to adequately plan for revenue instability that may result as a
consequence of shotterm droughts and water shortages.

Methodology
The project methodology includes quantitative and qualitative components. Since a similar

study had not yet been conducted, the project team decided to cast a wide net in
examiningssues and dynamics that may influerveater use trends and gerns in past

and future droughts. Thenethodology was designed todus onbroadtrends ard

patterns, rather than aarrow, purelystatistical approach, particularly since the availability
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of adequatehistoricdata fora precision statistical treatmentas uncertairduring
development of theproject However,detailed water use histories, phone surveys,
management and community interviesyand other qualitative data help provide a
nuanced look at water use patterns during drought years.

To base the assesienton real worldevents, much of our analysis focusesund indepth
water utility cases studie3.he case studies were locatetthe arid W\estern states.We
developed selection criteria to recruit appropriate urban wateritigi$ for indepth case
studiesrepresenting different regions, differeiservice area characteristicand different
drought timing and shortage severities. The seven case studies

City of Boulder, CO

Irvine Ranch Water District, Southern California
Monte Vista Water Disict, Southern California
City of Petaluma, Northern California

San Antonio WateryStem TX

City of Santa Fe, NM

City of Santa Rosa, Northern California

The project study period was 1970 through 2011. This allowed evaluation of one or more
drought evens and longierm economic cycles for each case study.

Tasks for each case study included:

E
E

m- m-

m- m- m- m- m- m-

Obtained water use records and developeedater useprofile

Obtained water conservation program records and devetbpconservation
history

Compiled rate structurdistory and assessed price trends

Characterizd localclimate, collectéd data and condu@d an assessment on annual
weather conditions

Gonducted anassessment of demographics and trends

BEvaluated localeconomic patterns and trends

Gonducted random phone 8rveys of residential customers

Conduced interviews of utility staff and management

Conduced interviews of community leaders and media members
Compiled revenue stability policies

Using these data we constructed a background narratweater use profé, and
conservation saturatioestimatesfor each case study. We examined both-gapita and
water use trends by customer class before, during and after each drought and how
customers responded to various levels of declared shortage or water use restsicti
instituted by each case study.

Economic conditions are widely believed to have a significant impact on water use
patterns The influence of economic conditiomkiring drought yearsvas frequently
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identified as an area of interest by project participanT o address this issue, we selected
utilities for case studies that experienced drought at different points in {rgh economic
cycles. To help assess the impact of a recession, and how strongly it affected the individual
case studies, we collected@womic data including annual peapita income, annual
unemployment rate, and annual home value index. For the years available during our study
period, we collected the median household income, median home value, and percent of
population below poverty lie.

Assessment oDemand Elasticityluring Drought

In addition to examining water use trends in past drought yeaesexaminedvhat would

be expected to happen during very serious drought events once a service area becomes
fully saturation with present ay conservation measures.

None of the case study service areas are now fully saturated, and most were significantly
less saturated when they experienced their most recent drought. Furtherniorenost of

the case studiethe most recent droughtluring the study period while serious, was not
nearly as severe for each utili@gduring their drought of record or worst case drought
conditions for supply reliability planning purposes. Therefore, to assess drought response
once fully saturated witlpresent dg conservation measures and during drought of record
or worst case conditions, we were obligated to develop reasonable assumptions and
projections of customer response to drought based on input from the phone surveys, a
review of utility drought policiesnterviews with utility management and community
members, and interviews of landscape professionals that have experience managing
landscapsduring droughts.

Utilizing data from the case water use profiles, conservation program implementation, and
phone sirveys, we constructed a bottomp analysis of indoor pecapita water use under

four scenarios to better understand a rangkwater use during a drought. The four
scenarios are:

1. Average water use behavior with efficient fixtures

2. Drought year conservingehavior with efficient fixtures

3. Average water use behavior with inefficient fixtures

4. Drought year conserving behavior with inefficient fixtures

We developed a landscapeater useanalysis that included a baseline landscape
comprised primarily of turfas was prevalent in the 1980s, and two casesooiversions to
low-water-uselandscapes. We then evaluated known and expected water use patterns
before and during droughts for these three different types of landscapes.

The trends and patterns emerging froour analysisvere integratedinto a more concise
simulatedexample that assesses the potential drought response otitgas are fully

saturatedwith key present day conservation technologies and-leater-use landscapes
To do thiswe developed a hypbetical simuation of atypical water utilityand analyzed
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two scenariodased on parameters frome real world case studiesnd information
collected in the phone surveyd interviews Thesimulatedcase studynalysisthough
theoretical,is & muchas possibl@ conceptual amalgamation of the seven real case
studies.The assumptions used are cistent with information developed in assessing the
case studieand designed to representhat appears viabléo achieve without substantial
economic impact.

We usel the simulatedcase study to examine the dynamics over timéncfeasing
population, declining pecapita water use, and the impact of different levels of rationing
on cumulative water use and peapita allotmentver a 35year period The simulated
case study allowed us to assess drought response arsegvice area becoméglly
saturated with conservation, and for eacidividualyear duringhe 35year period as
conservation saturation increasé®m 0% to 100%

To evaluateevenuestability strategiesye examined the existing plans and policieshs
seven case studies. We then worked with the project advisory group to identify and
examine new revenue stability alternatives.

ResidentialPhone Surveys
The random phone surveys targeted psinglefamily residential accounts. The residential
phone surveys included:

E About 100 surveys per case study, for about 700 total surveys

E Randomly selected singfamily customers, screened to only include accounts in
place at least 2 years before mastent drought

E The survey asked about drought perceptions, site characteristics, behavioral
responsesandpolicy preferences

E We obtained water use Hisries for each survey respondemhixed with a control
group to protect anonymity. We then compared watgse histories for each
respondent account to responsesthme phone survey along with a randomly
selected control group.

E We utilized measures to protect anonymity of all survey responses and water use
histories

Phone Survey Results

Awareness of droughtas high. Abou85%or more of respondents reportedwareness of
the drought. About 8% ofthe respondentghat were aware of alrought adopted
conservation measures in response.

Water users obtaiaed information about drought events from a wide range otqia
sources. The inforation provided by utilitiesnfluences, but does not appear to dominate
the drought messagingeceived by local water users.
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Water users employ a wide range of indoor and outdoor conservation measures to save

water during a droughtReducing landscape water use is a primary conservation measure
adopted by water users in a drought, but many interior water savings measures are also

adopted. As they become aware of themost water users appear to be receptive to

trying new shoriterm and longterm conservation measures during drought periods.

Adoption of water conservation measures during drought was fairly uniform for different
age groups and income brackets. But higher income bracket households often saved more
water during a drougt) probably due to large landscapes and saving more landscape
water. Water use for higher income brackets may also be less price sensitive during non
drought years, providing more water savings opportunity during drought years.

Awareness ofhe dailyquantity of water use appears to be low, and water users do not
presently have convenient methods to monitor daily water use. Water users appear to
calibrate their water saving effort to their perception of the drought severity. But
prioritization of water savig measures appears to be based on guesswork.

Water rates appear to be an important factor influencing reduced water use in recent
years. The impact afsingwater rates appears to hawaibstantiallyexceeded the related
but separate impacof the recentrecession in reducing water use.

Water users expressed a strong preference for conserving additional water in a future
drought instead of paying higher water bills for new water supply development.

Conclusions

Collectively for a servicarea, water usergypically me or exceed conservation goals
during drought events when given an actual targ&gthce water users have little experience
monitoring daily water use, it appears to be based on guessworktrencesult of some
customers over conserving andmnse under conservinggelative to the overall targetJse of
emerging AMR/AMI technology could be utilized to provide water users with accurate
water use information on a much more frequent basis than monthly endnthly utility
billing cycles. This coutdduce the guesswork for water users striving to meet
conservation targetsluring drought

Case studies experiencing drought in later years of the study period, when they were more
saturated with conservation measures and had experienced substantialggapugrowth,

did not appear to have greater difficulty meeting water use reducti@gested by their

water utility.
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We found no apparent evidence in the case study water use records that water users were
having any more difficulty meeting water use uation targets in more recent drought
compared to drought eventhat occurred earlier in the 4@ear study periodlf anything,

water users appeared tonore easilyachievethe water use reductiosrequested by

utilities during more recent droughtdHowe\er, the more recent drought events were
typically less severe thaaome earlier odrought of record events. Also all the case study
utilities were far from fully saturated with present day water conservation technologies

and practicesluring recent droughevents allowing water users to adopt lorigrm
conservation measures to meet shderm water use reduction goals

Our analysis indicates the fate of water conserved \itig-term conservation programs

has important influence on the ability of a senwiarea to respond to future droughts.
Whether by formal policy, or just as a practical matter, most conserved water appears to
be allocated to new water users in growing service areas. When allocated to new users, a
service area will have more peoplengiless water on a pearapita basis, but alsmore

people conserving water durirggfuture drought. Thikas an important influence in

offsetting potential demand hardening during droughts

In assessing how water users respond and adjust water use duongld, it is important

to recognize it may be a moving target over time. Water conservation technologies are
undergoing continuous improvements. Efficiency improvements will continue to occur that
will allow less pecapita water use in future years. Senthe phone surveys and saturation
data indicate water users more rapidly adopt these during drought years, new efficiency
technologies will provide new water use reduction opportunities in future drought years
offsetting the potential for demand hardening

Based on our hypothetical simulatiahtypical urban water utiliticircumstancesvith
present day trends and technologies, a service g saturated with conservatiothat
hasgrown about 70%n population compared tavheninefficientin the 198®&, would only
experiencedemand hardening during drought events tedng raioning above 3@. The
demand hardening would peak at 3.1% for rationing levels above?38iice the service
area is fuly saturated with conservatiopractices and technologieklowever, cepending
on landscape restrictionguring a droughtthe utility may actually experienca 4.6/%
increase idemand elasticityor more ability to reduce overall water usiyring drought
yearswhile still providindandscapes 50% water Bocation for all but turf areas
(discussed in detail in Sectiofil of this report)We assumed turf would comprise 25% of
landscaped areasingpotable water in a fully conservation saturated service aiZaa
collected in the phone survey indicates a large bemof landscapes already have 25% or
less turffor their landscapedrea.Thehypothetical simulation does not account for new
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water savings technologies becoming available during thee2s simulated period. Nor
does it account for potential increasedeiof graywater and rainwater capture and use
during drought eventsGiven the present state of saturation of lotgym conservation
measures, and emerging new water saving technologies and opportutiiiegvater users
embrace at a higher rate during sers droughtthe theoretical impact oflemand
hardening appears to poise little, if amyracticalconsequence for the 20 to 30 year
planning horizons for urban water utilities.

Many utilities have contingency plansrfrationing up to 50%, often due &hate mandated
contingency plans. Howevergnare not aware of anyrbanwater utility in the Western
states presentlyplanning for more than 25% rationing in its water supply reliability
planning processNe are aware of some utilities that plan for 20%2&%6 rationingn
drought of record or worse conditionslost appear to plan for considerably less water
shortage However it appearsutilitiesallocating conserved water to new growivould
only need to considedemand hardening if planninfgr rationingin excess of 3@once the
service area is fully saturated with water efficient technologies

Water conservation programs, inclining tiered rates, increasing cost of water and sewer
bills, andincreased efficiency iplumbing codesnd standard$iave had alominating
influence on longerm water use trends. Total parapita water use trends exhibit a
persistent decline since the early 1990s wherofthe above factors beecae influential.

This trend is likely to continue for a number of years spresentdayinterior and
landscape conservation measures are not fully saturated, water costs are expected to
continue risingnew and improved conservation technologies and practices will likely
emerge,and climate change may exacerbateought concerns duringrgl years.

Longterm economic cycles such as recessiand expansions appe&o not be adominate
influenceon per-capita water useor the seven case studi@s recentdroughtyears
Starting in the earlyt990sother factorsbecame more influential. Theecent recession
appears to have played only a minor role in causing oveesitapitawater use to decline
in recentdroughtyears.For many utilities, ongoing growth rates may have masked the
underlying pefcapita and customer class trends, until growtbpped or slowed during the
recent recessionDuring the study period,@mnomic expansiadonot appear to have
been constrained by declining peapita water use

The CII sectaexperienced a longerm declining water use trend when measured by wate
use per accountise adjusted by total population for a service asgal Cll use as a
percentage of overall water us€or most of our case studies, the Cll downward trend in
water use was steeper than other customer clasmeg began well before the recent
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recession With the data available for this assessment we were not able to pinpoint the
exact causes of this decline. It could be related to many faatoiadingboth realwater

use trends and utility account classification changed record keeping pictices Until the
drivers of the ongoing decline in Cll water use are better understood, watérestshould

be cautiousasking Cll customer to sharply curtail water use, other than landscaping, in all
but severe drought conditions and water shortages.

Revenue Stability

Numerous mechanisms already exist, and are widely used for providing revenue stability
during drought yeargthese are notedn SectionXIV of this report)However, revenue
shortfalls havestill been problematic for some utilities. ey to improving revenue
predictionsis more accurately predicting customer response to drought, which often
exceeds requested use reductions, and for water users to more accurately monitor their
water use more frequently than monihor bimonthly to bettermeet conservation targets.
New technologies under developmesiich as Advanced Metering Infrastructumay

provide a powerful tool to address this probleand mayultimately help improve revenue
predictions for utilities instituting rationingn future yeas.

Recommendations

E Ingeneral, it appears utilities will not be impacted by demand hardening unless
requiring rationing levels greater tha&80% (excluding recycled water use)
However, we recommendoniductiing agency specific analysislotaldemand
hardening threshold based on supply reliability parameters, rates of population
growth, conservation program saturation rates, ahe allocationof water
conserved in recent decades.

E Evaluate policies that consider appropriate levels of water use redudtionsg
droughts years as a fundamental part of water supply reliability planrfiag.
SEIF YL S5 FTR2LIGAY3 | LIfAOE (G2 NBIldzA NB Hp2
worst case drought analysis, would have major implications in reducing the need to
overbuild a water supply system for infrequent serious drought events compared to
providing full water supply during those conditions. Increasing the acceptable level
of water use reduction during drought only 5% or 10% can have very important
influence o water supply planning needs. Each utility would need to assess the
appropriate drought policy for its circumstances, and the appropriate frequency of
demand reductions and level of rationing in its worst case drought conditions, but
this could have vergubstantial cost reduction benefits for its customers.

E Amoredetailed analysis ahe drivers ofCll longterm water use trendsvould be
helpful forbetter determiningappropriate future drought policy for CIl accounts.

Executive @mmary XV An Assessment @emand
Elasticityduring Drought



E Develop systems whereby watesers can better monitor water use on daily basis,
which would be beneficial in drought years, but also very beneficial for water
budgeting programs becoming increasingly prevalent. In the meantime, strive to
provide specific water saving guidelines fdfatient levels of water shortage during
a drought.

E Explore policies for rate structure adjustments at different levels of ratioaid
use of financial reservas avoid bill increases for customamplementingwater
use reduction guidelines

E Develop tear and consistent guidelines for assigning customers to customer
classes Consistent definitions and tracking of water use by customer classes for
different utilities would be very useful in evaluating letegm water use trends.

E Develop better data hiving practices, particularly during institutional transitions
and biling system software transitions, which maintain water use records by
customer class.

E Develop clear policies on the fate of water conserved with {amg conservation
programsthat prescribe what portion of conserved water is allocated to new
growth, stored for future supply reliability, or allocated to environmental
enhancement.

Executive @mmary Xvi An Assessment @emand
Elasticityduring Drought



|. Project Goals L '.9 SSRTE L 1T xagt

and Background

Project Goals
The goal of the project is to identify the extent demand elasticity during a dragght

influenced by demand management programs undertaken by water agencies prior to

drought This includes examining if lotgrm demand management programs result in
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willingness to achieve additional demand reduction during subsequent drought events. The
project will also evaluate how water use for different customer classes responded to

drought. This report is intended to provide a reference tool for urban wat@nagers

planning for and grappling with drought.

There is a long history in the Western states for many utilities to experience significantly
reduced water use during serious drought years. In this report, tha temand elasticity
represensthe amountwater users, individually and collectively, adjust water use in
response to drought conditions. For this definition, drought is the primary influence of
interest for demand elasticity. But this may include many simultaneous influemicies

may affect wagr use during a drougtsuch as price increases, usually termed price
elasticity of demand. Additional simultaneous influences on demand during drought may
be increased conservation program effort and water use restrictiostituted by the local
water utility. All of these influences may combine during a serious drought and affect water
use patterns. We use the term demand elasticity to broadly include the effects of these
influences on demanduring a drought

The willingness and ability of water uséosreduce water use in a drought has critical
importance on the need and timing of new water supply facilitidse project is designed
to provide guidance for water planners in determining acceptable levels of shortages
during future drought events and oto optimize water shortage contiegcy plans for
fairness andminimizing economic impacts. The project Wwilp water utilitiesplan for
revenue instability that may result as a consequence of stewrh droughts and water
shortages.

Background
Manyurbanwater purveyors in the Westerriates once had the luxury to plan drought

year supplies to fully meet average year demand, providing a system with little water
shortage risk in all but the most extreme drought years. However, given numerous modern
pressures including ongoing population growth and development, competition between
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utilities for available water supplies, increased emphasis on environmental protection, and
increasing uncertainty with respect to climate change, this is no longer the casshy

water utilities. As a result, many utilities now evaluate and include acceptable levels and
frequencies of water shortages as a fundamental component of water supply reliability
planning.

It has beerwidely assumed by many water planners that servation programs
implemented before a drought or other sherm shortage diminish the ability of water
users to further reduce water demand during subsequent shortages. This phenomenon,
often labeled demand hardening, has undermined the attractiveréssngterm demand
management programs for many water supply planners. There is a further concern that
implementing water efficiency programs can make it more difficult for a utility to respond
to reduced water allocations and deliveries during serioutewshortages compared to
other agencies.

As a result, some utilities that plan for some degree of water shortage within their supply
reliability planning parameters have substantially reduced the maximum acceptable water
shortage risk. Other utilities wa concluded that demand hardening could be a relatively
minor factor and have not accounted for it in their supply reliability planning. And some
utilities have not addressed the issue at all in their planning.

The willingness and ability of customerssarvices areas with aggressive, ldagm

demand management programs to further reduce water use during occasionattsinort
shortages is an issue of fundamental importance in water supply planning. It has major
implications on the need, cost and timin§new water supply development and serious
implications for agency revenues during drought and-doought years. It also has
important implications regarding the allocation of water for critical environmental needs
during drought periods.

As noted by e senior management for one utility participating in this projetich had
recently grappled with the issy¢he willingness and ability of customers to reduce water
use in a drought has major implications for letegm water supply planningnd is at he
heart of water supply planning now for many urban water utilifi&ut a thorough
assessment of this issue has not been available to inform utility planning processes.

Many urbanwater utilities in the Westerntates have now experienced several dratig
periods since implementation began of modern, ldegn demand management
programs. This provided an opportunity to more thorolygassessustomer response to
drought years and the willingness and ability to respond to future droughts.
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The prgect methodology includes quantitative and qualitative components. Since a similar
study had not yet been conducted, the project team decided to cast a wide net in
examining issues and dynamics that may be influential to water use trends and patterns in
past and future droughts. The assessmdatused orbroadtrends and patterns, rather

than a narrow statistical approach, particularly since the availability of adedusteric

data for a precision statistical approach was uncertaiien the project was hiag

developed.

The qualitative data, particularly the customer viewpoints and behavioral response to
drought obtained with random telephone surveys hed{providea nuanced picture of
customer response to drought often not possible with a purely staastnethodology.

More statistical analysis of the data could be undertaken in the future if a more thorough
guantification of demand drivers other than drought was of interest.

The following is an overview of the project methodology. Additional methaglokpecifics
are included in relevant sections of the report where they affect the data and analysis.

Selection of Case Studies

To base the assessmemn real world events, much of our analysis is focused around in
depth water utility cases studie¥he @se studies were located the arid Western states.
The project team believed inclusion of utilities in the eastern states would not provide an
applesto-apples comparison since East Coast climate and weather patterns differ
significantly from patterns ithe Western states. Also, the timeline for drought in the
Western statess usually years, whereas the timeline for drought in the East is often only
months. This results in fundamentally different water resource planning strategies and
drought managementlynamics.

We developed selection criteria to recruit appropriate urban water utilities fedepth
case studies. For a utility to be included, the following criteria were used:

1. Experienced one or more droughts with shtatm water shortage duringhe
study period

2. Implemented significant lorterm demand management programs

3. Expected to have adequate historic records for analysis in this project

Methodology -1 An Assessmenof Demand
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4. Interested in participating and working with the project team to provide necessary
records and data

5. Represat a range of geographic areas and timing of drought years in relation to
long-term economic cycles

We selected seveoase studies representing different regions, differsatvice area
characteristicsand different drought timing and shortage severitieBhe seven case
studies are:

City of Boulder, CO

Irvine Ranch Water District, Southern California
Monte Vista Water District, Southern California
City of Petaluma, Northern California

San Antonio Water SysterX

City of Santa Fe, NM

City of Santa Rosalorthern California

The selection of seven case studies allows examination of a range of drought experiences
and local circumstances, water use trends and patterns during drought events, along with
similarities and differences between the seven cassligts.

The project study period was 1970 through 2011. This allowed evaluation of one or more
drought events and lonterm economic cycles for each case study.

Collection and Analysis of Data Sets
For each of the case studies, we collected and evatLtte follow data:

1. Annual and monthly water production and detailed customer class billing records

spanning as many years as possible during the 1970 through 2011 study period

Annual demographic and economic data

Annual and monthly precipitation and terapature data

Information about the types of demand management programs undertaken by the

case study utilities and annual implementation rates

5. Rate structure history

Records and reports on drought year experiences, declared cutbacks and rationing

programs

Water management plans and annual financial reports

Interviews of conservation and senior water agency staff

Random telephone surveys of residential customers

0.Interviews of community members who could be expected to have informed
viewpoints on customeperspective and response to drought events. Interviews
were conducted witHocal political leadership, business community leaders,
landscape professionals, and local press members involved with drought coverage

11.Local press and media coverage of droughtréséor each case study

Hwn
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Using these data we constructed a background narrative and a detailed water use history
profile for each case study. We examined both-papita and water use trends by

customer class before, during and after each drought and hestoeners responded to
various levels of declared shortage or water use restrictions instituted by each case study.
Economic conditions are widely believed to have a significant impact on water use
patterns. Furthermore, the most recent drought for manyoof case studies occurred

during a sharp economic downturn. Therefopepject participants indicatedeparating

the influence of the drought and the recession was of interest to this project.

To address this issue, we selected case studies that expededrought at different points

in longterm economic cycles. To help assess the impact of a recession, and how strongly it
affected the individual case studies, we collected economic data including annual per
capita income, annual unemployment rate, anthaal home value index. For the years
available during our study period, we collected the median household income, median
home value, and percent of population below poverty line.

We further explored the issue by asking residential phone respondenttedie impact

of the recession on their household water use, and collecting demographic data on the
phone survey respondents such as income level. Since we obtained the water use histories
of phone survey respondents, we were able to compare actual wegerhistories with

how respondents rated the impact of the recession on their water 8g&e we collected
annual population estimates and water use by customer class, we were able to look at
water use patterns in past recessions that did not occur inught periodsWe also

discussed the impact of the recession on the local community with water utility staff and in
interviews with community and business leaders.

We explored using case study billing system records for accounostfsuio help evaluate
the impact of the recession on neasidential accounts. However, account teon and
turn-off data, particularly for an annual time series analysis starting before 2007, was
generallynot available due to limitations in billing system software. Furthermarany
nonresidential accounts are on shared meters with other business, for example a strip
mall with numerous businesses on a master meter, which seriously compromises the
analysis. Therefore, a viable analysis of-nesidential account turvoffs usingbilling

system records was not possible.

Residential Phone Surveys

The random phone surveys targeted only siAgiily residential accounts. This was due
to the expected difficultly in using a random phone survey to reacapgmopriate
management/deci®n maker to respond to survey questions for nmsidential accounts.
Furthermore, norresidential sites, such as commercial and industrial, were expected to
exhibit greater heterogeneity in water use characteristics compared to residential
accounts. A sigle survey tool would not be adequate to survey many-residential sites.
The project team conducted phone interviews of commercial and landscape
representatives to include input for those sectors.

Methodology -3 An Assessmenof Demand
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The residential phone surveys included:

E About100 survgs per case study, totalirpout 700 total surveys

E Randomly selected singfamily customers, screened to only include accounts in
place at least 2 years before most recent drought

E The survey asked about drought perceptions, site characteristics, behhvior
responsesandpolicy preferences

E We obtained water use histories for each survey responded, mixed with a control
group to protect anonymity. We then compared water use histories for each
respondent account to responses in phone survey along with aorahdselected
control group.

E We utilized measures to protect anonymity of all survey responses and water use
histories

The analysis fahe phone survey includes response frequency distributiongach case
study utility, along with a comparison of atven case studies. Cross tabulatiansg
analysis of water use histories fgpecific issues of interest were also conducted.

Utilizing data from the case water use profiles, conservation program implementation, and
LIK2Yy S adz2NBSeas ¢3Y Odhyé (N0l & Bdpilia waidd & ViR 2 2 NJ LIS
under four scenarios to better understand a range water use during a drought. The four

scenarios are:

1. Average water use behavior with efficient fixtures

2. Drought year conserving behavior with efficient fixtare

3. Average water use behavior with inefficient fixtures

4. Drought year conserving behavior with inefficient fixtures

We then developed a landscape analysis that included a baseline landscape comprised
primarily of turf, as was prevalent in the 1980s, ana tcases of landscape conversions to
low-water-uselandscapes. We then evaluated known and expected water use patterns
before and during droughts for these three different types of landscapes.

To integrate many of the trends and patterns emerging fromanalysis into a more

concise example, we developed a hypothetical case sandyanalyzed two scenarios

based on parameters froitie real world case studies. We use the hypothetical case study
to examine the dynamics over time of population increasinglidang percapita water

use, and the impact of different levels of rationing on cumulative water use andgmeta
allotmentsover a 35year period

To evaluateevenuestability strategiesfirst we examined the existing plans and policies of
our seve case studies. We then worked with the project advisory group to identify and
examineadditionalrevenue stability alternativeand considerations
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Interviews ofUtility Management and CommunitYlembers

For each case study we conducted one or morerinéavs of key conservation staff and

senior management personnel. Many of the interviews were dorgeirson and included

reviews of utility data sets used in the analysis, and data relevant to the community such as
economic indicators, weather and climaaad demographics. In the interviews we

discusedS | OK dziAf A G & Qa RN®ded wih disughit,ihe iddal | y R L2t A O
economic circumstances and trends, and history of demand management programs.

During the utility management interviews, we déwged a list of community members

who would be expected to have experience and informed viewpoints on water policy
during drought years and invited the community members to provide input through
interviews. Most of the community interviews were conductedghone. However, when
possible community interview were conductedperson, as was the case for many citizens
and conservation committee members for some case study utilities.
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To base much of the demand elasticity assessment on real woglite€and circumstances,
we selected seven case studies for a dethénalysis of local circumstances, water use
patterns and trends, and response to drought events. The case staidieg with some
basic service areeharacteristicare noted in Tabléil-1 below.

Tablelll-1
Comparison of Case Study Service Areas
Average

Annual  Summer Montt  Winter Month

Service Rainfall, Highest Averag Lowest Averagt
2011 Area 1970-201:  Temperature. Temperature, Rainfall
Case Study  Population  (sqmi) Elevation (inches)  1970-2011 (°F  1970-2011 (°F Seasor
Boulder 116,628 26 5,430 19.7 87.4 45.3 All Yea
Irvine Ranch 341,745 181 45 13.6 86.6 67.8 Winter
Monte Vista 52,821 9.6 1,000 16.1 90.5 67.2 Winter
Petaluma 60,154 14 30 25.8 81.9 56.9 Winter
San Antonio 1,300,689 900 500-1,400 32.4 95.2 62.4  All Yea
Santa Fe 79,627 43.6 7000 135 84.4 37.0 All Yea
Santa Rosa 168,856 41.5 164 31.1 81.8 57.8 Winter

The follow pages in this Section contain background and overview information for each
case study including
General description of the service area
Basic demographics
Climate pattern and rainfall
Water supply sources
Conservabn program history
Rate structure history
Drought history
Drought trigger stages
Revenue strategy during drought
Supply reliability planning

Case StudiesBackground & Overview -1 An Assessment demand
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More detailed Water Use Profiles for each case study that also contain population histories
are included in AppengA. The data in Appendi& served as the bases for much of the
analysis for each case study.

Since drought events are highly variable and utility, local and regional media responses to
drought influences customer perception and response, understandiagnitividual case
study profiles is critical to understanding much of the analysis that follows.
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City of Boulder Background and Overview

The City of Boulder was founded in 1859 and is located in Colorado on the eastern slope of
the Rockies, at an elevan of 5,430 feet andbout25 miles northwest of Denver. The
water utility service area is slightly less than 26 square miles.

In 2011, the service area population was estimated at 116,628. The University of Colorado
Boulder results in a relatively largaiversity population of 29,884 ecampus degree
seeking students.

The City of Boulder Utilitid3epartment, which includes the &ter Utility, is governed by
the 9member City Council, and advised by &-person Water Resources Advisory Board
appointed by the City Coundil

I OO2 NRA Y 3 2008 Wate? GendRer8alidR & | v> a0 KS / Adeé 2F . 2dzZ R
approximately 90 percent built out and any additional improvements or additions to its

water system will focus more on improving system operating fletyitihan increasing

Ol LI DA G & d¢

Boulder tracks water use in fogustomer classeasshown in Tabléll-2 below.

Table I§2
Boulder Number of Accounts
Number of
Customer Class Accounts in 201 % of Tota
Single-family residential 22,652 79.3%
Multi-family residential 2,544 8.9%
Commercial (CllI) 2,077 7.3%
Landscape 1,307 4.6%
Total 28,580 100.0%

A ddailed Water Use Profile withopulation history for Boulder is included in Appendix A.

Climate Rttern

Boulder has aelatively dry clinate typical of much of Coloradeith many sunny days each
year. Winters are cool to very cold. Summers are hot and dry with many days reaching 90
°F or above. Due to the elevation, nights are significantly cooler than days. The Front
Range, just west of Boulder, shields the city of much winter precipitat&ummer rainfall

IS common

Figures IHL through [1}4 bdow, provide the annual rainfadind snowpaclkhistory, the
average monthly rainfall and average monthly temperatures farl@er from 1970
through 2011.
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Figure 41

Rainfall - Boulder
35
30
25
» 20
-_=
(%]
£ 15
10
5
0
O N < 0 0 O N O 0 ON< W O NS Ww o) O
M~ I~ I~~~ 0c o0 @ o0 0O O O OO & O O O O O O <
O O Oy O Oy OOy Oy Oy Oy oy O O O O O O
L B I B B O T B R B B B I B B IO o N Y o N I o X IR o N I o R o Y|
Years
Figure 42
Snowpack - Boulder
250%
o 200%
[+13]
]
-]
Z 150%
(T
(=]
=
@ 100%
=
Q
a
50% ‘
0% | | |
ON < W 00 O N WO O N W O N WO o
I~ I~~~ Q0 D 0 OO O O ©Q OO0 0 QO
D O OO O O OO O O O
Lo B e B o B B o B B O e O o I o O o B R O o B I o I o I Y [ o O ¥ (R |
Years

The low snowpack period in the ealry 2000s, bottoming out in 2002 represents the most
serious drought for Boulder during the study period of this project.
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Figue 111-3 Figurelll-4
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Water Sources

Boulder has two sources of water supply. The primary @@ofwater supplyis the

Boulder Creebasin The secondary source of supply is water from the Coleiido

Thompson (CBT) and Windy Gap Projettich divert water fronthe western slopé.The

winter snowpack on the western slope is an important faceiNI . 2 dzf RSN A& | yy dzl f
supply.

Water Conservation Program

2 dzf Rv&tedIdaservationProgram wadnitiated in the early 1990s. In November,
1990, the City Council approved a conceptual plan for a voluntary water conservation
program. In 1992, a Wate&Conservation Office was established to oversee efforts of
reducing overall demand and with a focus on reducing peak summer dsage.

TheWater ConservationProgram was organized around the following program areas:

Information and awareness
Education

Techical consultation

Research and data collection

Water rates

Municipal water use

Ordinance and standard development

Boulder began offering landscape seminars, school educational events, &sitd on
landscape efficiency consultations in the early 1990saRsslbor efficient toilets and
clothes washers were statlin the mid1990s A saturation estimate of key conservation
practices is included in Section IX of this report.
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Rate Structure

In 1988, Boulder transitioned from a flat rate structure to a thiee increasing block rate
structure.In January 2007, Boulder implementadivetier rate structure based on water
budgets for each type of custome®inglefamily residential water budgets are based on an
analysis of efficient use for the average housleh Cll water budgets are presently based
on historic use, but options for refining them to more directly reflect efficient use are
presently under consideration.

The water budgets were developed patrittyresponse to the 2002 drought fwrovide the

ability to allocate water on a more equitable basis during drought periods and let water
users decide how to best use available supplies, rather than rely primarily on numerous use
restrictions® A more detailed history of the rate structure included in Apendix B

Drought Hstory

Boulder experienced a series of dry yeafbelow average snowpack starting in 2000, with
the most serious peod in 20022003.Boulderresponded by implementing a series of
reduction measures which called for up to a 22% réidncn water use This was

equivalent to a Stage IIl drought in Drought Plan subsequently completed in RGQ8.
seasorsnow storm in 2003 significantly inaged snow pack and ease drought urgency.

2 dzf RSNIDA& H n n scribBsNk2 898 Xdiountreisgonseas¥d@lows’

In response to the worsening drought situation, Boulder requested voluntary
watering restrictions from its customers in early May of 2002 and imposed
mandatory restrictions in early June. The mandatory restrictions applied ¢atyall
water users and were primarily targeted at irrigation use, but included restrictions
on other outdoor uses. The program also included efforts to reduce indoor water
use even though any restriction on indoor uses would be difficult to enforce.

Spray tirigation and hand watering of lawns, gardens, or other landscapes was
restricted to twice a week for no more than 15 minutes in any sprinkler zone or
area. Irrigation was limited to designated days of the week based on customer
address and was further lited to the hours of 6 p.m. through 9 a.m. Drip irrigation
systems, bubbler or soaker hoses could be used for up to two hours for each area
on the same days and hours designated for sprinkler outdoor watering. The
restriction program also prohibited waslyrof sidewalks, driveways, patios or
similar hardscapes, and required that private washing of vehicles be done with a
bucket or a hose fitted with an automatic shotf nozzle. Penalties were
established for violations of the restrictions, escalating fi&0 for the first

violation to $300 for the third violation and eventual skaft of water service for
repeated violations.

Restrictions were modified in August 2002 to allow de&egiering of trees and
AKNXz0a 2y ALISOATASR RI &dse @2gfricidn prograf2 y (i K @
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continued through the winter and spring of 20@P03 with some modifications to
accommodate hand watering to reduce the potential for ldegn damage to trees
and shrubs and to allow lawn watering in accordance with the regiristexcept
for allowing watering during daylight hours through the winter.

The program was prominently and repeatedly announced through a wide range of
YSRAlF AyOfdzZRAY3 ySgall LISNEEX (St SOAaA2YI &
web site. Weekly wateuse target goals were established and published along with
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website.
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2004 Drought Plan also notes:

ly lyrfeara 2F GKS OAiGeQa oAf fdnglanceRl G F2
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customers reduced their water usage during the summer of 2002. Compliance

levels were slightly higher (78%) for single family users and somewhat lower (58%

to 68%) fory dzf GAFF YAT @ O2YYSNOALFE YR AYyRdzailNR
that did not reduce their water use were lewlume users to begin with, and their

allowable use under the restriction program was probably greater than their use in
non-drought years:

Drought Stage Triggers

. 2dzZ RSNDR&a RNRdAZAKG LIX Iy y2iSa daleé wm Aa GKS 0
foreknowledge about its water supply system because virtually all of the snowpack has

dzadzl £ £ @8 RS@OSt2LISR o0& (KAAa dBigYBnpsoy Rojectp dzf RS N a
guota for the year is known. May 1st is also early enough for Boulder to influence almost

£t
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The drought plan provides assessment of three triggers to be assessed on May 1 of each
year, ircluding:

1. .

2.

3. .

A 2 4 oA -

2dzf RSND&a LINRP2SOU0SR Y2dzy( FAng peliadd Badd3a S R dzNR
on snowpack measurements and the projected resulting streamflows during the

spring runoff period.

. 2dzf RSNRa LR2NIA2Yy 2F ¢ G§SNJ LIM@BgSHed SR G2 o
ensuing MayJune period.
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These three components are evaluated and used for developing a Projected Storage
Index** The Projected Storage Index along with drought alert stages and reduction goals is
show inTablelll-3 below.

Tablelll-3
Boulder Drought Stages

Total Annual Irrigation

Water Use Season Water
Greater than 0.85 None None NA NA
Between 0.85 anh 0.7 I Moderate 8% 10%
Between 0.7 and 0.55 |l Serious 14% 20%
Between 0.55and 0.4 Il Severe 22% 30%
Less than 0.4 \% Extreme 40% 55%

Revenue Strategyuting Drought
Boulder has several planning documents that address potential revenue impacédesf
shortages and strategies for stabilizing revenues. The strategies intiude:

Drought surcharges

Rate and allocation adjustments

Delay of norcritical capital projects

Reduction of operation costs

Drawn on a 20% financial reserve (within the limit®ond coverage requirements)
that is maintained for revenue shortfalls

arwpdE

The use of these strategies would be decided within the context of each drought event.

Supply Reliability Rnning

In 1989, Boulder developed a policy to include water use redustilbming a serious

drought a component of supply reliability planning. As noted in a recent Water Resources
Advisory Board Packet:

The cost oproviding facilities and water rights that might be used only once in
many decades would be higind would notbe an effective use of available funds.
In 1989, the city began planning to redube amount of water provided by the
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municipal water system during significant drought stageher than planning to
provide water for all uses under all drought conditioAsthat time,council
established reliability criteria for the acceptable frequency of drought stage water
userestrictions®’

Boulder has conducted a detailed and thorough water supply reliability assessment. The
assessment is based on awatershed mad& I & ¢+ a G2NAIAYylIffe& RSOST
significant aspects of hydrology, water rights, water storage and diversion facilities and

g1 SN dzaSa Ay GKS . 2dz RSNI/ NBS{ ol aAyé IyR a
model of the CBT Projectand Wi DI LJ NP 2SOG & ®¢

¢tKS Y2RSt 41 a GKSy aYgdahdibddRecdr@thaNdigctskhd | A y & {
results of tree ringbased reconstructions of natural flows for Boulder Creek and the

Colorado River for the years 172987 (actual historicalata were used for 1988 n nH U ® ¢

19 The model included the drought response triggers and associated demand reductions

noted in Table B above to frequency and depth of water shortages. The results are

shown Tablédll-4 below.?

Tablelll-4
Boulder Suppt Reliability Assessment
Drought Alert Stage Number of Occurrences Years of Occurrences
None 290 All years but those listed below
Level | 5 1842, 1848, 1852, 1885, 1890
Level Il 3 1851, 1887, 1889
Level IlI 2 1888, 2002
Level IV 0 None
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Irvine Ra nch Water District Background and Overview
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report) was formed in 1961 and is located in the south central portion of Orange County
which is part of the Los Angeleadin areaThe service area is about 181 square miles and
includesall ofthe City of Irvine and portions of the Cities of Costa Mesa, Lake Forest,
Newport Beach, Tustin, Santa Ana, Orange and unincorporated Orange County

The City of Irvine has an elésm of 45 feet above sea level, with some variation for the
I NB I drinkingvateria@iatieicdliéctibd and S NIJA OS &
treatment, recycled water, and urban runoff treatment

2SN ff aSNWBAOS

The Irvine Ranch Water Districtgeverned bya fivemember, publicly elected board of

directors

Numerousconsolidations with othewater districts occurred since 1997 thexpanded the
service area and number of retail connections in recent yéarg011, the service area

population was estimatedt 341,000.

As noted in its 2010 Urban Water Management Plan, Irvine Ranch Water Disgigt O S
largely an agricultural communitis continuing to undergo municipal and industrial

RSOSt2LIYSyid 6AGK

g OFyid Il yR

446,633 is projected for the year 2035.

| 3 ARpoptilatibidvof |y R
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Irvine Ranch tracks water use in eight customer classes. The classes and number of
accounts for each customer class in 2011 is shown in Ti&ble

Tablelll-5
Irvine Ranch Number of Accounts
Number of
Customer Class Accounts in 201 % of Tota
Single-family residential 52,731 54.3%
Multi-family residential 33,033 34.0%
Commercial 4,921 5.1%
Institutional 286 0.3%
Industrial 857 0.9%
Landscape 1,825 1.9%
Agriculture 10 0.0%
Other (Fire, etc) 3,395 3.5%
Total 97,058 100.0%

A detailed Water Use Profile withpopulation history for Irvine Ranch is included in

Appendix A.
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Climate Rttern

The Irvine Ranch service area hasilal and relatively uniform climate with an average
rainfall in the area of 14.2 incheRainfall occurs in the winter months. The sumnaees
dry. Average monthly temperaturesange froma low of 56.2 F in Decembeg & high of
71.2 in Septembe? The proximity to the Pacific Ocean provides some marine air layer
moderation of temperatures.

Figuredll-5 through IH7 below, provide he annual rainfall history, th@verage monthly
rainfall and average onthly temperatures for Irvine &ch from 1970 through 201%.
Figure 1H8 provides California statewide runoff conditions.

Figure 145
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Irvine Ranch was most affected by the 1976drought, and the drought from 19832.
Irvine Ranch did not experience a water shortage during2@~-2010 dry yearin
Californiawhen many surrounding utilities diexperience a water shortage

Figure [H6

Figure IH7
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Water Sources

Irvine Ranch has a diverse water supply portfolio. Regionally derived grougrdpvavides

about 50% of Irvin®kancli) a

g I (i $MEcérdirightalitss2@10 Urban Water

Management Plan, imported water received from local wholesalers acsbomnabout
27% of supplies. These supplies are from Northern California through the CalBtatea
Water Project and the Colorado RiéiThese are disint supply sources that sometimes

haveRA T F SNB y

I yydz ¢

important when considering the impact of droughts.

gSHFOGKSNI LI GOSNy a

02 YLJ NBR

Non-potable sources whicclude recycled water, native surface water, local groundwater
and untreated imported water account for a significant portion of supply. These sources
provide the majority of water for landscape irrigation and agricultre.

Water Conservation Program

Stating with some pilot programs in the late 1980s, Irvine Ranch Water District has had an
active water conservation program since the early 1990s with education, technology

retrofits, and conservation ordinance components.

Starting in 1991, the conservaticefforts included water conservation site surveys, free
low-flow showerheads, toilet dams, faucet aerators and dye tablets to check for toilet
leaks. In 1993, a toilet retrofit program began. In 2003, incentives for high efficiency
clothes washers begairvine Ranclalso had multiple programs targeting outdoase
including landscape retrofits, installatiai weatherbasel irrigation controller progrars

andlandscaper training

Case StudiesBackground & Overview
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In 2005 Irvine Ranch adopted/ater Conservation Business Plahich ha six elements:

E Rate Stucture

Policy Leadership

Education and Outreach

OnSite Customer Assistance
Research and Technology
CostEffective Tactical Incentives

m- m- m- m- m-

The plan placed renewed emphasis deveragingco-fundingfor costeffective programs
and dewveces offered by local wholesalers such as the Metropolitan Water District of
Southern California and the Municipal Water District of Orange Cotistymated
saturations of key conservation parameters are provided in Section IX of this report

Rate Structwe

Irvine Ranchhad uniform rates between 1971 and 1996 1991 Irvine instituted inclining
block tiered rates based on a water budget for each account. Residential custanters
dedicated irrigatiorhavea fivetier rate structure Cll customersave fou tiers. A monthly
service charge varies with the size of the water meter faigl recovesthe operating and
maintenance cost of the utility. The tiers recover the dospurchase, treat, and pump

water. In 2009allocatiors were reduceddy about 15%0 account for the trend of more
efficient water use and to reflect updated plumbing codes and standards. A more detailed
history of the rate structure is included in Appen@ix

Drought Hstory
California experienced drought periods in 1978 19871992 and 20072010. These
affected Irvine Ranch to varying degrees.

LNDAYS wlyOKQa wmddpp ! NDIy 2 | dnStagewds iyeffestS YSy it
from July 51977 until March 1, 1978 ( y&tioiSduring the 19747 drought in

California conisted of public education mgrams aimed at promoting wat@onservation,

the adoption of a resolution prohibiting water wastage and the addition of a conservation

surcharge of approximately 10% of theen-OdzNNB y i ¢ | (i S NAomdhes i8¢ | Yy R (K
water supplies experienced during the 1978 droughthad only a minor impact on IRWD

customersé?®

Irvine Ranch was more seriously impacted by the 198drought. The 1995 Urban Water
Management Plan states:

At the height of the 1984992drought, MWD was fared to institute supply

cutbacks 080%. In response, IRWD declared a level two drought condition and
implemented conservation measures outlinedirK S 5A a0 NAOG Qa 2 I GSNJ
Contingency PlanThese measures resulted in water savings averagir®b26 he

Case StudiesBackground & Overview -13 An Assessment demand
Elasticityduring Drought



District also implemented its Ascending Block Rate Structure in 1991, whibkrfurt
improved water conservatiag®

Due to apresent dayhigh level of water supply reliabilityrvine Rancldid notdeclare a
drought, norrequest drought related waterse reductions in the recent Califoa drought.
However, since IrvinRanchis in an area whe many surrounding utilities did have
shortage and requested water use reductions, there sifover messagingn this issue
into the Irvine Ranch service arda.the phone surveys for IrviriRanch 75% of
respondents believed IrvinRanch hadleclared a drought and requested water use
reductions. In addition, mangustomers contacted the utility asking if rationing was in
place and howustomers should respontt. This appears thave affected the water use
patterns for many customerg.his perception majiave beerninfluenced whernwater
budget rate allocations wereeduced n July 2009, as discussed aboltee rate allocation
adjustment action had been planned s&2005, and was na@t drought management
measure.

Drought Stages
Irvine Ranchdrought contingency plans indicate four potential drought levels as shown in
Tablelll-6.

Tablelll-6
Irvine Ranch Drought Stag&s
Drought Level Description Shortage Implementation
Level 1 Drought Warning Up to 10% Voluntary
Level 2 Significant Bought Conditions 10% to 25% Voluntary
Level 3 Emergency Drought Conditions 25% to 40% Mandatory
Level 4 Crisis Drought Conditions More than 40% Mandatory

Level 4 mandatory resttions would include eliminating outdoor use, banning car washing
and pool filling, and other restrictions and enforceméht.

Revenue Strategyuting Drought

a4 y20SR Ay GKS NIGS adGNUzOGdzZNBE adzYYIl NBSX L NIDA
costoF 2LISNI GAy3 YR YFIAYGlIAYyAYy3d (KS dziaAfAdeQa
the cost of purchasing, treating and pumping water.

LNBAYS wlyOKQa wanmn ! NBblLy 21 GSN) alylF3aSyYSyda t
to be insulated from reveue swings resulting from deviations between actual and

0dzRISGSR 61 GSNJ &l fSa | yR ¥TN2KVawar@tiokageh y 3 2 NJ N
occurs in a drought, the reduced water sales will be offset by reduced costs to import and

pump water.
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Additional costs are sometimes incurred by utilities during a drought to support public
AYF2NXYIEGAZ2Y YR SYKFEYyOSR O2yaSNBIF A2y LINE INI
al ylra3sySyid ttly adlriaSa aRSLISYRAYy3I 2y (KS tS0O
billing albcations, tighten the tiers, increase rates, or some combination of those strategies

G2 2001 Ay GKS y3BL06 a1aR ARG NBRHZOGEA 2yRABER Ay G(KS
L2t A08 Aa S@lfdad G§SR 2y | &SI NXfe& onmtsicaud ' yR | R
provide for the recovery of any additional costs incurred during a water shortage.
LNDAYS wlkyOKQa wnmn ! NblLYy 2F0GSNJalyl3aSySy
SyIFOGSR FT2NJ[S@St n ¢l GSNJ aK2NJI laBtdris® Ly |
financial reserves that can be used during times of reduced water sales and if necessary,
GKS dziAtAGe aOly NBRAZOS 20SNRSIR FYyR LRadLRyYy

0 t
RRA

Supply Reliability Planning

Asrequirdo & / I ft AF2NY AL Qa ! ND I o Indne RaSdN.haa ¢cogducRE Y Sy (i
an analysis of supply reliability in average water years, a single dry year scenario, and a

Ydzf GALX S RNEB @SIFNJ AaOSyINA2d ¢KS NBadzZ Ga 27F 0
Water Management Plan and summarized ablElll-7 below.

Tablelll-7
Irvine RanchSupply Reliability Assessmetit
Single Dry Multiple Dry  Multiple Dry  Multiple Multiple
Year Year 1 Year 2 Dry Year3 Dry Year4
Total Supplies (af) 148,751 148,751 148,751 148,751 148,751
Percent of 98% 98% 98% 98% 98%

Average/Nrmal Year

Due to improvements in supply sources and diversification since the-a®8&fought

(when Irvine Ranch called for a 30% water use reduction), Irvine Ranch can now withstand
a multiple dry year scenario without the need frbstantial water use reductions. Water
shortages would now occur from unprecedented drought events, or catastrophic failures of
critical facilities An imported water shortage from Metropolitan Water District of Southern
California represents one of thmain causes of a supply shortage for Irvine Ranch.
However, even if Metropolitan were in a Stage 10 drought, with a 50% reduction in supply,
Irvine Ranch would onlge in a Level 2 shortage witloluntary restrictions.

As noted in the drought historyusnmary, Irvine Ranch did not declare a shortage in the
recent California drought. Buhany customers perceived drought and adopted measures
to curtail water use.
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Monte Vista Water District Background and Overview

TheMonte Vista Water Distriaffor simgicity, referred to as Monte Vista in this report)
was formed in 1927. It is locatéwl the Chino Basin area of the upper Santa Ana River
Watershed which is part of the Los Angeles basin aree?2 y i S seWidelaledlsi30
square miles, but theetail service areaf interest to this projects about 9.6 square miles.
The retail service area includes the City of Montdlaiirl,066 feet elevation)ortions of
the City of Chino, and unincorporated aseof San Bernardino County.

In 2011, the retail srvice area population was estimatedtobe 52,822 y 1S +A &0 Q& H
Urban Water Management Plan noté@he District's retail service area is primarily
NEEARSYUGALIEf FTYR GKS YI 2¥INA (® dzIF Kh higyi @tk 38 £ f NS
of landin Los Angeles area increased the attraction of the Chino Basin and other suburban

I NElFa oKSNB flyR ¢gla ataAafft LI SyGAFTdzZ RdzZNRAy3
economic downturn, there are differing opinions on how rapidly the area will grow in

popdzf  GA2Y RdzNAY 3 % Mddte a8 EYyIB OREONRSa e | NBESad |
shift in the foreseeable future for the District service area will be an expected increase in
multi-family housing units in proportion to singlel YA f & K2¥za Ay 3 dzy A (& dé

The Monte Vista Water District is governed by a publicly electetebnber board.

The number of accounts for each customeisslin 2011 is noted in Table8lbelow.

Table 148
Monte Vista Number of Retail Potable Water Accounts
Number of
Customer Class Accounts in 201 % of Total
Single-family residential 9,667 81.2%
Multi-family residential 632 5.3%
Commercial 969 8.1%
Industrial 15 0.1%
Landscape 280 2.4%
Agriculture 13 0.1%
Other (Fire, etc) 335 2.8%
Total 11,911 100.0%

A detailed Water Use Profile with a population historyNtwnte Vistais included in
AppendixA.

Climate Rttern

Monte Vista experiences a Mediterranean climate typical of much of southern California.
Average annual rainfall is 16 inches, with wide periodic variations. There is little or no
summer rainfall, with precipitatio occurring in the winter months. While part of the Los
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Angeles area basin, Monte Vista is further removed from the moderating influences of the
coastal marine air layer compared to nearby Irvine. Average high temperatures range from
67 degrees F in Janyato 94 degrees F in July and August. Average weather can be
interjected by periods of extremely hot weather, winter storms, and San Ana winds (a hot,
dry easterly wind that increases fire risk).

Figuredll-9 through IH12 below, provide the annual mfall history,annual California
statewide runoff conditionsandthe average monthly rainfall and averag®nthly
temperatures for Monte Vistérom 1970 through 2011,

Figurelll-9

Monte Vista Annual Rainfall
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Figurelll-10 Figurelll-11

Monte Vista Average Monthly Rainfall Monte Vista Average Monthly
1970 - 2011* Temperatures, 1970 - 2011*
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* The closest station available with suitable data for Monte Vista is located in Pomona, a city close to Monte
+Aadl Qa aHOWEIER @&y yeddSof adnual rainfalne missing. For annual rainfall, we used the
Downtown Los AngeledSC weather station, a station with a very long and reliable weather record.

Water Surces
Monte Vista WateDistrict is dependent on four source$water supply®

E Groundwater producedrébm the Chino Groundwater Basin, a large adjudicated
basin managed by the Chino Basin Watermaster

E Imported State Water Project surface water received from the Metropolitan Water
District of Southern California through the Inland Empire Utilities Agency

E Entitlement water deliveries from San Antonio Water Company (no relation to the
San Antonio case study in this project) produced from local adjudicated
groundwater basins and surface water from the San Antonio Creek Watershed

E Recycled water from Inland Eiing Utilities Agency

Local groundwater accounts for about 75% of annual use, and imported water about

25%%** As with Irvine, water imported from the State Water Project is from Northern

California and through the Metropolitan Water District, but exclu@edorado River water.

The Northern California water isdéstant supply source that may have different annual

weather patterns compared to Monte Vistada a SNIWA OS | NBIF X gKAOK A a
considering the impact of droughtBigure IH12 above providean indication of the

California State Water Project annual runoff conditions.

Water Conservation Program
az2yiuasS +AaidlQa SFENIASal ol GSNI O2yaSNBIFGA2Y ST
information focus. In 1996, Monte Vista began distributing freg¢enefficient toilets and
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offering water conservation gtsurveys. Monte Vista haarticipated in rebate programs

provided through the Metropolitan Water District of Southern California for toilets, clothes

washers, water brooms, and other landscape @I G A2y YSI &dz2NS& Ay a2y
service area. Monte Vista also has developed water awareness and educational programs.
Saturationestimates of key conservation parameters are included in Section 1X of this

report.

Rate Structure

Until recently,Monte Vista used a uniform volumetric ratend fixed charge based on

meter size for all customers. In 2010, Monte Vista adopted afieuindividualized

inclining block rate structure based on water budgets for residential customers. Each
customer is allocated specific amount of Tier 1 and Tier 2 water each billing period based
on indoor and outdoor needs. Usage above the water budget is charged at higher tiered
rates.

Drought Hstory
California experienced drought periods in 1976 19871992, and2007-2010. These
affected Monte Vistdo varying degrees.

2S gSNB dzylofS (G2 FTAYR NBO2NRA RSaAaONAOAYy3I a?
However, according available water production and population recordscgeita water

use for Monte Vista declineddm near 200 gpcd in the early 1970s, to a low of 126 gpcd in

1978, before rebounding to well over 200 gpcd in the 1980s.

5dzNA y 3 [/ | f-82Zdeodghit AMortedVistm day isurface water deliverieseduced

tomn LISNOSy(l 27 LINSHOWeRaiziocabghihdNaDedsippli€stware S NA
adequate to meetdeman®5 dzZNAy3 (KA & LISNA2RZ az2ydsS +xAaidl Q
declined from a high of 250 gpcd in 1984, to 220 gpcd in 18§92.

In 2009, as a result of drought and a significant reductiomported water deliveries,

Monte Vista declared a water supply shortage and mandated conservation measures with
a goal of achieving a 116% reduction in us&. Overall, compared to 2008, water use
declined about 8% in 2009, and about 19% in 2810.

Drought Stages

Monte Vista expects to be able to achieve up to a 10% reduction from a heightened public
awareness program with the need for declaring a shortage based on past drought
experiences. Higher level§ shortage are show in Table-9ibelow:*®
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Table 149
Monte Vista Drought Stage Triggers

Drought Stage % Shortage
Significant 10-25%
Critical 25-40%
Emergency 40% or more

Prohibitions for Significant Drought:
E Outdoor irrigation except on Tuesday, Thursday and Saturday (exemptions for
water-dependent industries, efficient irrigation practices)
E Dedicated irrigation use above 75% prior relortage year's use
E Potable water used for construction, dust control without plan authorization
E Fire hydrant use other than approved uses (fire preventjmublic welfare)

Prohibitions for Critical Drought:
E Outdoor irrigation except on Tuesday and Saturday
Dedicated irrigation use above 50% prior r&ltortage year's use
Implementation of local landscape requirements resulting in increased water use
Vehiclewashing except at commercial car wash
Refilling swimming pools, spas or ponds for cleaning purposes

Prohibitions for Emergency Drought:
E Outdoor irrigation except on Saturday
Dedicated irrigation use above 33% prior r&ltortage year's use
Installation ¢ new landscaping
Use of potable water for construction and dust control
Filling swimming pools, spas or ponds

Revenue Strategy during Drought

Monte Vista expects revenues would be substantially impacted during severe and
emergency drought conditions, thithe loss of revenue partially mitigated by a reduction

in costs® For shortterm droughts with water use reductions of 30% or more, Monte Vista
plans to utilize reserve funds. If the drought persisted for an extended period, Monte Vista
would evaluaterevisions to its rate structuré

Supply Reliability Planning

Monte Vista includes a supply reliability analysis in its 2010 Urban Water Management
Plan. The analysis uses 2004 as a normal year, 1977 as a single driest year, and 1990
through 1992 as a niti-dry-year sequence to assess supply reliability. Theyaisis
summarized in Table {110 below.

Case StudiesBackground & Overview [1-20 An Assessment demand
Elasticityduring Drought



Table 11410
Monte Vista Supply Reliability Analysfs

Multiple  Multiple Multiple
Dry Year Dry Year Dry Year
1 2 3

Single Dry

Supply Source Normal Year

Chino Groundwater , 5o, 10004 100%  100% 100%

Basin

Imported Water 100% 62% 60% 61% 62%
San Antonio Water 540, 6604 75%  92% 89%
Company

Recycled Water 100%  100% 100% 100% 100%
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City of Petaluma Background and Overview

The City of Petaluma was fourdglen 1858, and is situated in Sonoma County, Northern
California, approximately 30 miles north of the Golden Gate Bridge, and approximately 20
miles inland of the Point Reyes/Tamales Bay region of the Pacific Coast and Ocean.

t SGFf dzvl Qa Stdhae sedlevsl. The Lity dssurrduBddd by much open space
and agricultural land.

The water utility service area consists primarily of the area within the city boundaries,
approximately 14 square miles. The water department also provides potable apded
water service to a relatively small number of customers outside of the city boundaries, the
largest consisting of a Coast Guard Training Station that has a population of about 1,350.

Petaluma estimated its 2011 water service area population a6@0,1

The Water Resources and Conservation and Department are part of the City of Petaluma
and are governed by a six member City Council and a Mayor.

Petaluma tracks water use in the customer classes shown in Mablebelow.

Tablelll-11

Petaluma Number of Accounts

Number of
Customer Class Accounts in 201 % of Total
Single-family residential 17,069 88.5%
Multi-family residential 678 3.5%
Commercial 1,079 5.6%
Industrial 22 0.1%
Landscape 443 2.3%
Other 5 0.0%
Total 19,296 100.0%

A detailel Water Use Profile with a population history for Petaluma is included in Appendix
A

ClimatePattern

t SGFfdzYFQa OftAYIGS A& I RNBEX aSRAGSNNIYySHY a
proximity to the Pacific Ocean, Petaluma experiences marineyar toonditions which

cool summer temperatures and can moderate winter temperatures. The summertime

temperature averages 60 degrees F. The wintertime temperature averages 45 degrees F.

Annual rainfall averages 25 inches. Typically, 98% of precipitatiemsoiccthe winter

months, most of it usually occurs during three or four major winter storm ev&hts.

Case StudiesBackground & Overview -22 An Assessment demand
Elasticityduring Drought



Figuredll-12 through IH14 below, provide the annual rainfall history, the average monthly
rainfall and average monthly temperatures for Petalutha.

Figure 1412
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Water Sources

lo2dzi ppr 2F t SOF € dzYlF Qa 4 GofdCoantyMalere A & LJdzNDO
Agency, which is supplied from the Russian River System. The Russian River originates in

central Mendocino County. Three major reservoir projects provide water supply for the

Russian River watershed: Lake Pillsbury on the Eel River, eakiéiho on the East Fork

of the Russian River and Lake Sonoma on Dry Creek. Most of the streamflow in the Russian
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